Objective: Oxidative stress is the main pathogenetic mechanism in bladder cancer among many other causes. We aimed to investigate whether a potential relationship exists between bladder cancer and the activities of paraoxonase (PON1) and arylesterase (ARE) enzymes.
Introduction
Bladder cancer (BC) is the ninth-most common type of cancer in both genders. Approximately 429,000 cases were reported in 2012, and each year, approximately 165,000 deaths worldwide are attributed to BC. The mortality rate is lower than the incidence rate, and for males, the highest incidence is found in West Asia (8.4 in 100,000) and for females, in North Africa (1.6 in 100,000). [1] The most commonly implicated factor in BC etiology is smoking. [2] Some metabolic and physiologic processes produce reactive oxygen species in the body. Under normal conditions, there is a sensitive balance between formation of free radicals and their elimination by antioxidant enzyme systems. If the balance is disturbed in favor of oxidants, all organ systems are endangered. The organ systems of the body for eliminating waste and toxic materials, including the bladder, may be more sensitive and vulnerable to the effects of oxidants.
The human body has defence systems that prevent the effects of endogenously produced free radicals. [3, 4] and paraoxonase (PON1) [5] [6] [7] , and arylesterase (ARE) [8] are among these endogenous antioxidant systems. Paraoxonase is a serum esterase that can hydrolyze the active metabolite of the parathion paraoxon, which is synthesized in the liver. PON1 is located in the serum and the endothelial layer of many tissues, including the liver, kidneys and small intestines. [9] Hydrolyzing toxic organic molecules was the first physiological function of PON1 to be described. [10] The second biological function of PON1 to be defined was its antioxidant activity. PON1 is known to be integrated in the structure of high-density lipoprotein (HDL). PON1 can easily bind HDL lipids. Besides it plays a role in the stabilization of HDL and exerts antioxidant features of HDL. [11] Meanwhile, as have been demonstrated in many studies it protects low-density lipoprotein (LDL) from harmful effects of oxidation. [12] ARE is an esterase enzyme, coded by the same gene, which has similar active centers as PON1. [8] Total Antioxidant Status (TAS) indicates the overall anti-oxidative status of the serum, while Total Oxidant Status (TOS) denotes oxidative status of the serum. [13] The Oxidative Stress Index (OSI), which is defined as the ratio of between TOS, and TAS values, is applied as a marker of oxidative stress. [14, 15] Oxidative stress may play a role in the pathogenesis of human diseases. Genetic alterations causing increased oxidative stress have been shown to be associated with BC. [16, 17] Many studies have investigated the relationship between PON1 and ARE enzymes and various diseases that involve oxidative stress in their pathogenesis.
The literature included studies investigating the association of serum enzyme levels of PON1 and ARE with bladder, prostate, colon and rectum, endometrial, gastric, pancreatic, ovarian, esophageal and lung cancers. [18] [19] [20] [21] [22] [23] [24] [25] [26] The present study investigated the potential relationship between BC and the activities of serum PON1 and ARE enzymes.
Material and methods
This prospective study was approved by the institution's ethics committee. All patients and all healthy controls gave written informed consent before being recruited in the study. Patients who presented at Urology Department of Harran University Medical School with BC between May 2011 and November 2011 were enrolled in the study. As controls, 57 healthy participants without BC were used. All healthy participants were examined.
The study excluded those taking any cholesterol-lowering drug or having any cancer other than BC. Blood samples were obtained, and lipid parameters, PON1, ARE and other oxidative parameters were studied. Activities of PON1 and ARE were measured using commercially available kits (Rel Assay; Turkey). Erel [27] described and measured serum TAS levels using an automated method. In the Fenton reaction, a solution of ferrous ion is added to a hydrogen peroxide mixture, resulting in the discharge of potent hydroxyl roots. Then, these hydroxyl roots produce potent brown-coloured dianisidinyl root cations. This analysis determines the anti-oxidative capacity of the sample against the potent free root produced by the hydroxyl root. The analysis has great accuracy, with a coefficient of variation of 3%. Results are defined as millimoles of Trolox per liter. Measurement of the serum TOS rate was accomplished using an automated method defined by Erel. [14] The dianisidine-ferrous ion compound is oxidized by oxidants in the sample, yielding compliant ferric ions. Glycerol was used to improve the oxidation reaction. In a moderately potent acid medium, ferric ions form a colourful complex with xylenol orange. The density of the colour, which can be measured spectrophotometrically, is dependent on the amount of oxidant molecules available in the sample. The analysis is aligned using hydrogen peroxide. Data are defined as micromoles of hydrogen peroxide per liter. The OSI was calculated by dividing the TOS by the TAS.
Statistical analysis
Data were statistically analysed using Statistical Package for the Social Sciences version 11.5 software (SPSS Inc.; Chicago, IL, USA). Parameters were expressed as mean ± SD. The distribution of parameters among groups was investigated using the OneSample Kolmogorov-Smirnov test. Categorical parameters were evaluated using the Fisher Exact test. The correlations of variables were assessed in each group using Pearson Correlation Analysis. The patient group was further subdivided by tumour grade, presence of muscular invasion, recurrence, number of foci (1, 2-7, and >8) and diameter (<3 cm and >3 cm). Since the distribution of these subdivisions was normal according to the KolmogorovSmirnov test, ANOVA tests were performed comparing 2 groups, and 3 groups were compared using independent T-tests. To determine significant differences between groups, the Post-Hoc test with Bonferroni correction was used. The level of statistical significance was set at p<0.05.
Results
Demographic data of both groups were comparable as for age, gender distribution and body mass index (BMI) ( Table 1) . Serum PON1, ARE, total cholesterol, HDL, LDL, very-low-density lipoprotein (VLDL), TG, TAS, TOS and OSI levels were studied in both the patients and control groups. Serum PON1 and ARE activities were 137.63±53.37 U/L and 168.82±37.34 U/L, respectively, in the control group and 103.35±41.44 U/L and 131.83±the 39.94 U/L, respectively, in the patient group. Lower levels of both enzymes in the patient group were statistically significant (p<0.05). Serum lipid profiles revealed that the level of total cholesterol was significantly lower in the patient group, while other parameters were comparable in both groups. Tests for serum oxidative stress parameters demonstrated that the patient group had higher TOS, lower TAS levels and higher OSI Index values. These differences between the patient and the control groups were statistically significant ( Table 1) .
Analyses of the correlation between lipid parameters with enzymatic activities of PON1 and ARE detected a significant positive correlation between enzymatic activity of PON1 and levels of total cholesterol, HDL and LDL and an insignificant positive correlation between enzymatic activity of PON1 and levels of VLDL and triglycerides. In addition, there was a statistically significant positive correlation between enzymatic activity of ARE, and all lipid parameters except for HDL. Table 2 summarizes the results of correlation analyses.
In the patient group, serum PON1 and ARE activities were correlated with tumour grade, muscle invasion, recurrence, number of foci and tumour diameter. Of those parameters, recurrence and/ or tumor diameter greater than 3 cm were significantly correlated with lower PON1 activity. Enzyme activities were not significantly affected by the presence of any other parameter (Table 3) .
Discussion
Bladder cancer is a common pathology with high mortality and morbidity rates. Many factors, including oncogenes, tumour-suppressor genes, aniline dyes and smoking, have been implicated in BC etiology. Many of these etiologic factors are correlated with oxidative stress. Gecit et al. [26] in 2012 and Badjatia et al. [28] in 2010 reported increased oxidative stress and increased total antioxidant activity in BC patients.
In a healthy organism, oxidant levels and the effects of antioxidant s on them are in balance. Up to a point, increased number of oxidant molecules are neutralized in the body by natural an- If oxidants are produced at higher levels or if the antioxidant s become ineffective, the equilibrium is disturbed and oxidant molecules destroy the structural elements of the organism, including protein, lipid, carbohydrate, nucleic acid and beneficial enzymes. [28] Increases in free radicals and subsequently in oxidative stress result in accelerated rates of mutation and oncogenic turnover, inducing DNA damage and tumour development. [29] Since PON1 enzyme has played an antioxidant role in preventing oxidation of LDL, this enzyme has been thought to be associated with many diseases with oxidative stress as part of their pathogenesis. However, the association between serum PON1 activity and cancer has not yet been elucidated, although their levels have been determined to be low in many cancers. [24, 30] To the best of our knowledge, a limited number of studies have investigated the association between BC and the activities of serum PON1 and ARE enzymes. Öztürk et al. [31] investigated the relationship between PON1 gene polymorphism and BC and determined that the genetic polymorphism in the 192 nd position differed significantly between healthy subjects and BC patients and that the RR genotype was observed more commonly in bladder tumours.
Aydın et al. [18] investigated the association between BC and the ARE enzyme, finding significantly lower ARE activity in BC patients than in healthy controls. However, there was no significant difference between the two groups regarding PON1 and TAS levels. In contrast, the present study found significantly lower levels of both enzymatic activities of PON1 and ARE in serum in the patient group. Our study is important because, as revealed in our current literature review, it is the first study investigating the correlation between PON1 and BC.
Eroglu et al. [19] found that patients with prostate cancer had significantly lower PON1 levels but without any significant difference between the patients and the controls regarding other oxidative parameters. Enzymatic activity of PON1 has also been investigated in patients with lung, gastric, pancreatic, endometrial, epithelial, ovarian and esophageal cancers, all of which showed significantly lower activity levels for this enzyme. [21] [22] [23] [24] [25] All these studies suggest that the antioxidant effects of the PON1 enzyme may protect against cancer.
In the present study, the patient and control groups were similar regarding all demographic characteristics that can affect PON1 and ARE activities, including age, gender, BMI, smoking, diabetes and hypertension. Therefore, these variables, were considered irrelevant in correlation analysis. In addition, the present study investigated the relationship between PON1 enzyme levels and lipid parameters, and demonstrated significant positive correlations between PON1 and levels of total cholesterol, HDL and LDL. These results conform to those of the studies cited in the literature. [22, 23, 25] Furthermore, the present study investigated serum oxidative stress parameters, and found statistically significantly increased TOS, decreased TAS levels, and increased OSI index in the patient group. As reported in previous studies cited in the literature, these data support the presence of a strong association between oxidative stress and cancer which are commonly present in combination. [32] The present study further subdivided the patient group by tumor grade, muscular invasion, recurrence, number of tumoral foci and tumor diameter to investigate the relationship between these tumor parameters and enzymatic activities of PON1, and ARE.
Results of the present study have indicated that enzyme levels decreased as the severity of each parameter increased. However, these decreases were statistically significant only for recurrent tumors, and tumors larger than 3 cm in diameter. The insignificance of tumor foci, grade, and muscle invasion in correlaation anaalysis may be due to the small sample size of the study.
One potential limitation of this study is the limited number of patients. The findings of this study can be supported by studies with larger number patient groups. Taken together, these finding suggest that measures of enzymatic activities of PON1 and ARE may provide important prognostic data for BC cases.
The present study found disturbances in serum oxidative balance and formation of oxidative stress in BC patients. Oxidative stress is thought to play a role in cancer-development mechanisms mediated by lipid peroxidation. PON1 and associated ARE are known to protect LDL from oxidation, to exhibit antioxidant features and to support the detoxification of carcinogenic, lipid-soluble radicals produced after lipid peroxidation. In addition, the study has demonstrated that decreased serum enzymatic activities of PON1 and ARE are associated with the presence of BC and some of the prognostic features of BC.
This study is one of the first to investigate the correlation between BC, serum enzymatic activities of PON1 and ARE. Results suggest that levels of PON1 and ARE enzyme activity may be important markers for the diagnosis and prognosis of BC and that further investigations on this topic are warranted.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Harran University Department of Scientific Research Coordination (Project Number 1044).
Informed Consent: Written informed consent was obtained from patients who participated in this study. Peer-review: Externally peer-reviewed. 
